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ABSTRACT

During the summer of 1997, the Southern California Ozone Study (SCOS97) was
conducted to update aerometric and emissions databases and model applications for ozone
episodes in Southern California and to quantify the contributions of interbasin transport to
exceedances of the ozone standards in neighboring air basins. One of six SCOS97 sampling
aircraft was a Piper Aztec. The Aztec performed northern-boundary measurements of aloft air
quality and meteorology in the southern Mojave Desert and northern Los Angles basin. The
aircraft also served as a backup for another SCOS97 aircraft that performed flights in the
western part of the study domain. The Aztec data were reviewed to identify the occurrence
and types of ozone layers aloft and to estimate the initial and boundary conditions in the Desert
on the first day of Intensive Operational Periods IOPs). Ozone carryover aloft was seen on all
mornings in vertical spiral measurements in the Basin. Detached layers above the boundary
layer were seen on about 20% of Basin morning and afternoon spirals. Offshore elevated
ozone layers of up to 184 ppb were seen below 500 m. The morning 0zone concentrations in
the Desert ranged from 40 to 70 ppb and the NO, concentrations ranged from 2 to 4 ppb,
indicating relatively clean, but not pristine boundary conditions. These data are part of the
SCOS97 data archive for use in further analysis and modeling.

iii



ACKNOWLEDGMENTS

The work described in this report was funded by the California Air Resources Board
(ARB). The Research Division of the ARB was responsible for administration of the contract,
and Mr. Leon Dolislager was the ARB project officer.

The extra efforts of the ARB meteorology staff and the SCOS97 management team in
preparing daily weather and pollution forecasts used during the program were greatly
appreciated. In particular, Mr. Leon Dolislager and/or Mr. Bart Croes were in daily contact
with the aircraft crew during the field program. Their knowledge, cooperation, suggestions,
and dedication contributed greatly to the success of the program.

During an inter-comparison sampling flight with the University of California at Davis
(UCD), Dr. John Carroll operated the UCD aircraft. His professionalism and extra effort
contributed to an excellent set of data for the comparative purposes. During the inter-
comparison flight with the U.S. Navy (Point Mugu), Mr. Roger Helvey coordinated the efforts
of the Navy aircraft. We thank him also.

Mr. Kurt Bumiller of the University of California Riverside, College of Engineering,
Center for Environmental Research and Technology (CE-CERT), under a subcontract to
Sonoma Technology, Inc. (STI), performed most of the calibrations on the sampling
instruments aboard the aircraft. His care, knowledge, and dedication contributed greatly to the
results. In addition, he was responsible (through CE-CERT) for the distribution of sampling
media used during the collection of grab samples and for retrieving the samples after they were
taken.

We also wish to thank the following STI employees. Working as a part-time STI
employee, Mr. David Wright was the primary instrument operator aboard the aircraft. He also
provided backup calibration expertise. Dr. Beth Wittig compiled the data used to identify the
locations and frequency of occurrence of elevated layers and to estimate the northern boundary
concentrations on the first day of several episodes. Ms. Siana Hurwitt compiled the data for
comparisons of aloft ozone measurements by the aircraft to surface ozone measurements. The
efforts of each are greatly appreciated.

This report was submitted in fulfillment of ARB contract #96-309 entitled
“Investigation of Processes Leading to the Formation of High Ozone Concentrations Aloft in
Southern California” by Sonoma Technology, Inc. under the sponsorship of the California Air
Resources Board. Work was completed as of March 18, 1999.



TABLE OF CONTENTS

Section Page
ABSTRACT ....ooooviioi oo iii
ACKNOWLEDGMENTS...........ooooiiiiiiiiininneeeeeeoeoooooooo v
LIST OF FIGURES ...........cooooviimiiiiciniinnneeeeeeeeooooooo ix
LIST OF TABLES ...ttt Xi
EXECUTIVE SUMMARY .......oooouiiiiiiiininiinieeesoseeeseooeooooooo ES-1
1. INTRODUCTION ..ottt 1-1
2. OVERVIEW OF THE STI AIRBORNE SAMPLING PROGRAM .......................... 2-1
2.1 PROGRAM OVERVIEW ..........cooovimimminininnnieseeeooo 2-1

3. DESCRIPTION OF MEASUREMENTS.............oovovveveenoo 3-1
3.1 AIRCRAFT ..ot 3-1

3.2 INSTRUMENTATION ..o 3-2

3.3 SAMPLING SYSTEMS ............cccumiinmnnmininieieeesesooo 32
3.3.1 Access t0 Ambient Air............oooevvevevrveeeeeee 3-2

3.3.2  Sample Delivery Systems.................cococvoveveeenr 39

3.4 SENSOR MOUNTING LOCATIONS ...........oooevemerr 3-13
3.4.1  External-mounted SenSors....................c..ccooeeoo 3-13

3.4.2 Internal-mounted SenSors..................ocoeveerereri 3-13

3.5 INSTRUMENT EXHAUST SYSTEM............ccocococo 3-14

3.6 SUMMARY OF FLIGHTS, TIMES, ANDROUTES.......coooooiiiivi 3-14

4. DATA PROCESSING, FORMATS, AND AVAILABILITY ..o 4-1
4.1 DATA PROCESSING.............cccoovmrmrrnnmineesee 4-1

4.2 DATA FORMATS AND AVAILABILITY.........ccococoocoo 4-6

3+ DATA QUALITY .......oooooviiiiiiiiinniieooeeoe 5-1
3:1 QUALITY CONTROL...........cocuvninimmnirriseoeeseeo 5-1
5.1.1 Pre-program Quality Control Measures...................cc................___ 5-1

5.1.2 Quality Control Measures During the Field Program .......................... 5-2

3.1.3 Calibration...................ccccoooevniiirioiie T 53

5.2 QUALITY ASSURANCE AUDITS ..............cococovveere 5-6

5.3 RESULTS OF THE INTER-COMPARISON FLIGHTS ............oovveeeii 5-7

5.4 COMPARISON OF AIRCRAFT AND SURFACE OZONE DATA.................. 59

vii



TABLE OF CONTENTS (Concluded)

Section Page

6. DISCUSSION OF ELEVATED LAYERS AND USES OF AIRCRAFT DATA.......... 6-1

7. REVIEW OF SPIRAL AND BOUNDARY DATA ......cciiiiiiiiiiiiiiniiie e 7-1

7.1 METHODOLOGY ...ttt reitete e teeeaeen e aeeretatenaneeaennenans 7-1

7.2 REVIEW OF LAYERS SEEN IN SPIRAL DATA......cccoiiiiiiiiiveieeene, 7-2

7.2.1 Early Morning Spirals..........cccooiiiiiiiiiiiiii e 7-2

7.2.2 Detached LaYers........cccoiviviiiiiiiiiiiiiiiiiiiiii i 7-5

7.2.3 Special Morning Ventura County - Santa Barbara Flight on August 7...... 7-7

7.2.4 Afternoon FLights .......coiuiiiiiiiiiii e 7-8

7.3 BOUNDARY CONDITIONS AT DESERT SITES ........cccoiiiiiiiiiiiiinn 7-13

7.4 SUGGESTIONS FOR ADDITIONAL ANALYSES ..ot 7-16

8. REFERENCES ... ..ottt e ettt e e e e ettt eneatanaaeananannes 8-1
APPENDIX A: THE SCOS97 AIRCRAFT SAMPLING PROGRAM CHECKLIST

USED BY THE STIFLIGHT CREW ..ot A-1

APPENDIX B: SUMMARY OF MORNING AND AFTERNOON ALOFT LAYERS...... B-1

viil



Figure

2-1.

3-1.

3-2.

3-6.

3-7.

3-8.

LIST OF FIGURES

Page
The SCOS97-NARSTO aircraft sampling domain................oooueevveueeevveeeen . 2-2
The STI Piper Aztec used during the SCOS97 sampling program........................ 2-3
Sensor location and sample air inlet systems on the AZtec..................ovvvenveennn... 34
A schematic drawing of the sample delivery systems used for ozone, VOC, and
carbonyl sampling (as viewed from the front looking back along the right side of
the aircraft) ..o 3-5
An engineering design drawing of the NO, inlet system used on the STI Aztec....... 3-7
A schematic drawing of the inlet systems for the NO, and NO,, instruments............ 3-8
A schematic drawing of the VOC sampling SYStem ............c.vvvnevunevneeenseonennn, 3-10
A schematic drawing of the carbonyl bag sampling system............................... 3-12
The Northern Boundary flight route flown on the morning of the first day of
AN IOP ..o 3-17

The Basin flight route flown during the afternoon flight of the first day of an IOP..3-18

The Basin flight route for morning flights on the second and following days of

aNIOP ... e 3-19
The Northern Boundary flight route for afternoon flights for the second and

following days of an TOP............coooeiiiiiiiiiiiiiei e 3-20
The Western Boundary flight route flown by the STI aircraft..................oovvnn... 3-22
The flight route flown for the “special” sampling requested by SCOS97

MANAZEIMETIL ...ttt ettt et et r e e e e e e e 3-23
An example of a flight record Sheet..............cocoouvuviiiinneiiieis e 4-2
An example of a sampling summary contained in the data report ........................ 4-5
An example of a data plot included in the date T€POTt .........ccounveuuneerneerenennniion, 4-7
A comparison of STI aircraft ozone data and surface ozone data........................ 5-11

ix



6-3

7-1.

7-2.

7-3.

7-4.

7-5.

LIST OF FIGURES (Concluded)

Page
Early morning spiral over Rialto on August 1, 1992............ccoceiviiiiiiiiinininennn. 6-2
Photo of elevated layers due to upslope flow over the San Gabriel Mountains
during SCAQS ... s 64
Spiral offshore of Laguna peak at 1538 PST on September 18, 1983.................... 6-5
Morning spiral at El Monte airport on August 5, 1997..........c..ccoviiiiiiiiniinnn.... 7-4
Morning spiral at Santa Paula airport on August 7, 1997...........c.ccccoiiiiiinnn.n. 7-9
Morning spiral at Santa Barbara airport on August 7, 1997 .................cocoeueee.. 7-10
Afternoon spiral at El Monte airport on October 4, 1997..........ccccceiviiiniininnnn.. 7-11
Afternoon spiral offshore of Malibu on September 28, 1997...................ccoee.... 7-12



LIST OF TABLES

Page
Sampling instrumentation operated aboard the STI aircraft................covovvvovoo.... 3-3
Summary of STI sampling flights during SCOS97 ...........oovvvvveeeoeiii 3-15
Sampling locations used by the STI aircraft during the SCOS97 sampling program.3-24

Summary of calibration results.......................ocoeevmeeviiii 54

Final audit results reported by the ARB for instruments audited aboard the STI
aircraft during the June 9 and 10, 1997 performance audit................................ 5-7

The data used to compare aircraft ozone data to surface site ozone measurements. .. 5-10

Early-morning spiral boundary-layer ozone peaks and differences from surface
COMCENLTALIONS ...eeeiveiiiiiiiee it ee et e e e e e e e 7-3

Boundary conditions in boundary layer above surface emissions
during morning desert flights.......................oeomvmmomiiii 7-14

xi






EXECUTIVE SUMMARY

Background

From mid-June through mid-October, 1997, the Southern California Ozone Study
(SCOS97) was conducted to update aerometric and emissions databases and model applications
for ozone episodes in Southern California and to quantify the contributions of interbasin
transport to exceedances of the ozone standards in neighboring air basins. One of six SCOS97
sampling aircraft was the STI Piper Aztec. During SCOS97, the Aztec performed aloft
boundary condition measurements of air quality and meteorology in the southern Mojave
Desert and northern Los Angles basin. The aircraft also served as a backup for another
SCOS97 aircraft that performed flights in the western region of the study domain. The Aztec
data were reviewed to identify the occurrence and types of aloft ozone layers and to estimate
the Desert boundary conditions on the first days of episodes. These data are also part of the
overall SCOS97 data archive for use in further analyses and modeling.

Methodology

Twenty-seven sampling flights were performed on 14 days. Real-time measurements
included ozone, oxides of nitrogen (NO/NO,), temperature, dew point, altitude, and position.
A second NO/NO, monitor measured NO, minus nitric acid and aerosol nitrate. Separate
sampling systems were used to collect integrated grab samples for subsequent hydrocarbon and
carbonyl analysis. The N O/NO, monitors and the ozone monitor were audited by the Quality
Assurance Section of the ARB. Other quality control activities included extensive calibrations
between flight days and intercomparisons with other aircraft and with surface monitoring
stations.

The flights consisted of vertical spirals from 1500 to 2500 m msl to the surface at
several locations with climbs or constant-altitude traverses between the spiral locations.
Twenty-four flights were made between the base airports at Camarillo and Riverside, with
early morning (0430-0900 PST) flights from Camarillo to Riverside and afternoon flights
reversed. On five days the morning flight covered the Desert, and the afternoon flight was in
the Basin. On seven other days the morning flight was in the Basin with four of the afternoon
flights in the Desert and three in the Basin. On one day, a midmorning flight was made in
Ventura County, and on two days, off-shore flights were made between Camarillo and
San Diego.

Results

Ozone carryover aloft within the boundary layer was seen on all mornings during
spirals in the Basin. The peak concentrations aloft averaged 48 ppb higher than at the surface,
which averaged 16 ppb. This aloft ozone can increase surface concentrations when mixed
down. The average aloft concentration (48 ppb + 16 ppb = 64 ppb) is higher than the clean-
air ozone value of around 40 ppb, indicating carryover of ozone formed on prior days.
However, this number is lower than expected when compared to the Desert boundary
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conditions and with prior examples of carryover in the Basin. On some days, however, the
concentrations carried over exceeded 120 ppb. In the Desert, the average surface
concentration was 41 ppb, with the peaks aloft averaging only 19 ppb greater than the surface
concentrations. The aloft average, however, is 60 ppb, which is only 4 ppb less than the
comparable average for sites in the Basin on (mostly) episode days.

Higher-elevation detached layers above the boundary layer were seen in the Basin on
17% of morning and 18% of afternoon spirals and were not observed in the Mojave Desert.
When these layers were observed in the morning, they tended to be widespread. The most
morning detached layers were seen over the San Gabriel Reservoir. This would be expected
since that site is in a mountain canyon and would be subject to upslope and downslope flow
and wind shear. The detached layers observed above the boundary layer were unlikely to have
much of an effect on surface concentrations, except possibly in the mountains where they
might impinge directly. The layers were typically less than 250 m thick and were over 1000 m
above ground. They were in stable air, and entrainment to the surface would be difficult. If
they were somehow entrained, they would be diluted by at least a factor of four. The
exceptions to this generalization were the layers seen on August 7 during a Ventura County
flight.

A midmorning August 7 flight extended from Van Nuys to Santa Barbara. Six of seven
spirals showed high-concentration detached ozone layers peaking at over 1000 m msl. The
layers were about 500 m thick. The seventh spiral, at Santa Barbara, had similar layers,
peaking at 500 to 800 m msl. The peak layer concentrations ranged from 100 ppb to over
120 ppb. The layers were possibly transported from the SoOCAB from the prior day, but the
flight notes also indicated a contribution from a fire in the mountains north of Santa Paula.
Because of the widespread nature and large vertical extent of the layers and the fact that nearby
mountains extend higher than the layers, these layers may have contributed to surface
concentrations later in the day, especially at inland and mountain locations where mixing could
have brought the layers to the surface.

Several types of layering were seen in afternoon spirals. At El Monte, Ontario, Van
Nuys, and the coastal sites, undercutting was frequently characterized by depleted ozone near
the surface in the marine layer, with higher concentrations of older ozone remaining aloft
under the subsidence inversion. At El Monte and the coastal locations, the undercutting is
usually caused by the intrusion of the sea breeze, with higher humidities near the surface. At
Van Nuys, the surface undercut layer sometimes had lower humidity than above, and may have
been caused by some other windshear phenomena. Surface layers at all sites generally had
higher concentrations of NO/NO, than the layers above, indicating a contribution to ozone
depletion from NO scavenging.

Another type of layer seen along the coast at Malibu and Camarillo was characterized
by concentrations of ozone of up to 184 ppb at the top of the marine layer, with a sharp drop in
dew point and ozone above. These layers were typically below 500 m and were
at 200-300 m msl on the days with the highest concentrations. These layers may impact the
shoreline mountains.
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We examined afternoon desert spirals to detect transport to the desert on days when
such transport would be expected. On August 6, transport was clearly contributing to
concentrations exceeding the federal 1-h standard in the western Mojave Desert. On
August 23, transport to the desert was not sufficient to cause the 1-h standard to be exceeded,
but it might have contributed to exceedance of the new 8-h standard at some locations.

We examined morning desert flights on the first days of episodes to estimate boundary
and initial conditions. The morning boundary ozone concentrations in the Desert ranged from
40 ppb to 70 ppb, the N O, concentration ranged from 2 ppb to 4 ppb, and the NO,,
concentration was about half the N O,, indicating relatively clean, but not pristine boundary
conditions.

Conclusions and Recommendations

Layering is a frequent occurrence in the Basin and must be accounted for in model
initial conditions, and ideally should be reproduced by the models. From the aircraft data
alone, it is not clear what effects these layers have on surface concentrations. However, useful
analyses to answer this question can be envisioned by combining the full range of SCOS97 air
quality and meteorological data available. Using simple analyses and more-sophisticated
modeling, the aircraft data can be used to estimate the effect of the carry-over aloft ozone on
surface concentrations. Such an estimate could be obtained by integrating the early-morning
ozone concentration up to the midday and afternoon mixing heights to get an idea of the
surface concentrations that would occur if the aloft ozone were mixed to the surface. A more
refined way to perform such an analysis is to run a three-dimensional photochemical grid
model with and without the measured initial carryover to assess the effect of carryover on
surface concentrations.
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1. INTRODUCTION

During the summer of 1997, the California Air Resources Board (ARB), the U.S.
Environmental Protection Agency, and local air pollution control districts sponsored the
Southern California Ozone Study (SCOS97). This study included upper-air air quality
measurements by six aircraft. One of these, a Piper Aztec, was operated by Sonoma
Technology, Inc. (STI) under a contract titled “Investigation of Processes Leading to the
Formation of High Ozone Concentrations Aloft in Southern California.” This report describes
the STI measurements and operational details, discusses the causes of elevated layers, and
provides summary information on the ozone layers seen during SCOS97 over the northern
Los Angeles basin and southern Mojave Desert region.

The SCOS97 program is a component of the North American Research Strategy for
Tropospheric Ozone (NARSTO); and the joint program is known as SCOS97-NARSTO.
Details and objectives of the overall SCOS97-NARSTO study are described in the “Field Study
Plan” (Fujita et al., 1996).

During the SCOS97 sampling program, the STI Aztec performed boundary condition
measurements of aloft air quality and meteorology in the northern regions of the SCOS97-
NARSTO study domain, including the southern Mojave Desert and northern Los Angeles
basin. The aircraft also served as a backup aircraft for other SCOS97-NARSTO flights that
were to be performed in the western region of the study area.

Real-time or continuous measurement data collected during STI sampling flights have
been processed, edited, and reported to the ARB in a three volume data report titled “The
Real-Time Measurement Data Collected Aboard the STI Aircraft During SCOS97 Sampling”
(Anderson et al., 1998). The data report details the sampling that was performed and displays
plots of the data collected by the continuous (real-time) sensors aboard the aircraft. Magnetic
media copies (CDs) of the final processed data set were also delivered to the ARB as part of
the data report.

Integrated grab samples for volatile organic compounds (VOCs) and carbonyl analyses
were collected during most flights. Details of the collection of these samples were included in
the data report. The grab samples were delivered to other contractors who were responsible
for analyzing the samples and reporting the analytical results.
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2. OVERVIEW OF THE STI AIRBORNE SAMPLING PROGRAM

As part of SCOS97-NARSTO, aloft air quality/meteorological measurements were
performed within the study area shown in Figure 2-1 by six different aircraft. The San Diego
County Air Pollution Control District (SDCAPCD) operated a Piper Navajo and a Cessna 182.
The University of California at Davis (UCD) also operated a Cessna 182. A Partnavia was
operated by the U.S. Navy (Point Mugu). The California Institute of Technology (Cal Tech)
operated a modified Cessna 337 called the Pelican. This report details the operations
associated with the sixth aircraft, the STI Piper Aztec.

2.1 PROGRAM OVERVIEW

The primary objective of the STI airborne sampling program was to provide data to be
used to investigate the processes that result in the formation of high ozone concentrations in
layers aloft and to estimate the effect of those layers on surface concentrations at later times.
The data analyses are not part of this contract.

A second objective was to support SCOS97-NARSTO by providing boundary condition
measurements of aloft air quality and meteorology in the northern and eastern regions of the
study domain, including the Mojave Desert.

In addition to these objectives, the project aircraft was called on twice to serve as a
SCOS97-NARSTO backup aircraft for flights over the ocean in the western region of the study
area.

The project aircraft shown in Figure 2-2 was based at the Camarillo airport from
June 7 through October 19, 1997. A satellite base of operations was maintained at the
Riverside airport. The on-site crew consisted of a pilot and instrument operator. The aircraft
program manager traveled to Camarillo during sampling episodes and returned to STI’s home
office during non-flight periods.

A total of 27 sampling missions (flights) were performed on 14 days. Inter-comparison
flights with the UCD (July 8, 1997) and the U.S. Navy (September 30, 1997) aircraft were
also performed. Thus, the Aztec flew a total of 29 flights.

Real-time measurements made aboard the aircraft included ozone, high-sensitivity
NO/NO,, temperature, dew point, altitude, and position. Separate sampling systems aboard
the aircraft were used to collect integrated grab samples for subsequent VOC and carbonyl
analysis. During SCOS97, a total of 78 VOC samples and 81 carbonyl grab samples were
collected with the Aztec.
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Figure 2-2. The STI Piper Aztec used during the SCOS97 sampling program.



The NO/NO, monitors and the ozone monitor operated aboard the aircraft were audited
by personnel from the Quality Assurance Section of the ARB. The audit was performed before
the start of sampling activities on June 9 and 10, 1997. The same monitors were subjected to a
comparison check by the University of California Riverside, College of Engineering, Center
for Environmental Research and Technology (CE-CERT) on October 17, 1997 after
completion of the sampling program. Preliminary results were reported to STI by the ARB
audit team and CE-CERT. Final audit results received from the ARB in J anuary 1999
indicated no changes from previously reported preliminary results. The results indicated the
instruments were operating normally, and were well within quality assurance (QA) control
limits established by the ARB.

After ARB audits had been completed on both the STI and UCD aircraft, the two
aircraft performed an inter-comparison flight near the El1 Monte airport. As part of the inter-
comparison, CE-CERT released and tracked an ozonesonde from the El Monte airport while
the two aircraft spiraled upward at the same location. Each group processed their own data
and delivered the processed data to Desert Research Institute (DRI). DRI’s review of these
data was reported by Fujita et al., 1998.

Another inter-comparison flight was made with the Navy Partnavia near Camarillo on
September 30. The STI data from the inter-comparison flight with the U.S. Navy aircraft were
processed and delivered to the ARB. At the time of this report, the Navy’s data were not
available for comparison.

Prior to the start of the sampling program, STI developed sets of “strawman” flight
plans for the operations of the four core aircraft (the Navajo, both Cessna aircraft, and the
Aztec). STI gathered input from an ad hoc committee charged with designing flight plans,
other SCOS97-NARSTO participants with interests in flights in their districts, and from
modelers with an interest in the data. These preliminary flight plans were reviewed by the
interested parties and were then modified to best meet the sampling objectives. Finalized plans
were approved by the ARB and distributed to the participating flight groups.

Due to the number of project aircraft expected to be operating together within the
sampling area, the uniqueness of their operations, and the volume of other aircraft activities
within the sampling area, the cooperation and assistance of the Federal Aviation
Administration (FAA) was needed. STI coordinated this effort before the start of field
operations. The FAA assigned a member of the Southern California Air Traffic Control
division (SoCal TRACON) to coordinate the activities of the research aircraft. Prior-day
notification of upcoming flights was requested by SoCal TRACON. The STI aircraft program
manager briefed the FAA prior to each flight day. SoCal TRACON then notified and
coordinated all affected control agencies concerning the operations of all project aircraft.

The SCOS97 Field Program Management Committee (FPMC) was responsible for the
selection of intensive operating periods (IOPs). Tentative notification of an upcoming IOP was
posted for program participants by recorded phone message and e-mail two days before
anticipated sampling was to start. The IOP status was reviewed and updated the morning

24



before an IOP, with a final “GO NO-GO” decision posted the afternoon prior to the IOP start.
Participants acknowledged receipt of sampling decisions by leaving a recorded message in
return. Phone contact between the ARB and aircraft personnel also confirmed the choice of
sampling routes that would be flown each day.

Instruments aboard the aircraft were calibrated the night before the start of an IOP.
When the aircraft returned after a day of sampling, the instruments were calibrated again.
This routine was performed each day of an IOP.

On a typical sampling day, the aircraft would depart from the Camarillo airport at about
0430 Pacific Standard Time (PST). It would sample along a pre-selected route through the
northern region of the study domain. Regardless of which route was flown, the flight would
end at the Riverside airport. In the afternoon, the aircraft would depart from the Riverside
satellite base between 1300 to 1400 PST and sample along the northern portion of the study
area using a different route from the morning flight. The afternoon flight would end back at
the Camarillo airport.

When the aircraft landed at Riverside, the carbonyl grab sample bags and VOC sample
canisters were retrieved by CE-CERT personnel and returned to the CE-CERT laboratory for
eventual distribution to other contractors. The flight crew would notify the aircraft program
manager by phone that they had landed. They also relayed information concerning what they
had seen during sampling to the STI program manager. This debriefing normally occurred
about 0830 PST. Whenever possible, the STI program manager would relay this preliminary
information by phone to SCOS97 personnel at ARB for review and planning purposes.

When the aircraft returned to Camarillo at the end of the day, the fight crew was again
debriefed. Data discs from the aircraft were copied and flight notes verified. Again,
CE-CERT personnel retrieved the carbonyl grab sample bags and VOC sample canisters. Data
processing was initiated and preliminary reviews of the data were performed during the
evening hours. Interesting sections of data were plotted and forwarded to SCOS97 personnel
at ARB.

Processing of the real-time continuous data collected during the sampling flights was
continued at the STI facilities in Santa Rosa. A three-volume data report (Anderson et al.,
1998) was delivered to the ARB in May, 1998.






3. DESCRIPTION OF MEASUREMENTS

The aircraft characteristics, its instrument configuration, and the various sampling
systems aboard the aircraft are documented in the following sections. Also provided is a
summary of the dates and times of sampling flights. The summary identifies the flight route
flown and the number of grab samples collected during each flight. Maps are provided that
show the typical sampling routes and a table is provided that identifies each sampling location.

3.1 AIRCRAFT

The STI Piper Aztec is shown in Figure 2-2. It is a model PA23-250 twin engine, low-
wing aircraft with retractable landing gear. This aircraft was chosen as an air quality sampling
platform because of its stable flight characteristics, available electrical power, load-carrying
capabilities, and relatively low maintenance requirements. In addition, the Aztec can sample
for periods of up to 4.5 hours. The aircraft has been operated on similar air quality sampling
programs since 1985.

The aircraft's 190 amp, 28-volt DC electrical system provides power to two 1000 watt
(115 volt AC, 60 Hz) inverters. The inverters (Avionic Instruments, Inc. Model 2A1000-1G),
in turn, provide the power used by the standard commercial (115 volt AC, 60 Hz) air quality
sampling equipment. Instruments or equipment requiring a DC power source are powered
directly from the aircraft's 28-volt electrical system. All research equipment is protected by a
separate circuit breaker installed in the aircraft's breaker panel as well as by standard built-in
fuses and circuit breakers.

The aircraft is equipped with a radar transponder. This allowed FAA flight controllers
to determine the position of the aircraft, and it also provided controllers with a direct readout
of the aircraft's altitude (a feature called “Mode C”). These features were required by the
FAA in order to coordinate sampling patterns flown by the research aircraft with other air
traffic.

The aircraft was operated in “Restricted Category”. This designation was necessary
because of modifications made to the aircraft during installation of sampling equipment. The
aircraft was inspected and certified for use in this category by the FAA. All necessary
certifications were obtained prior to the ferry flight to the Camarillo airport where the aircraft
was based throughout the study.

When an aircraft is operated in a restricted category, flight operations over populated
areas and at airports providing commercial services are either limited or prohibited unless
special operating permits (waivers) are obtained from the FAA. Due to program sampling
requirements, waivers were required. The necessary waivers were obtained before the start of
the sampling program.
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Flight plans were reviewed with the appropriate FAA authorities, and all sampling was
coordinated with the FAA.

3.2 INSTRUMENTATION

Table 3-1 lists the real-time continuous sampling equipment operated aboard the Aztec.
The table lists the equipment model and manufacturer, the analysis technique, instrument
ranges available for use, the approximate response time to 90 percent, and the approximate
resolution of each instrument. Several instruments aboard the Aztec were not required by the
contract. These instruments were operated and their data processed, although they were not
rigorously calibrated. These instruments are also identified in the table. Data from these
instruments were included in the aircraft database, but their data should be used with caution,
knowing that rigorous calibrations and/or editing were not performed. All required
measurements were processed, quality controlled, and reported as “Level 1” quality controlled
data.

As shown in the table, grab samples to be analyzed for VOC and carbonyl
concentrations were also collected aboard the aircraft. The collection media and sampling
systems were provided by CE-CERT.

3.3 SAMPLING SYSTEMS

3.3.1 Access to Ambient Air

Figure 3-1 shows the air inlets and sensors on the outside left side of the aircraft.
Access to ambient air for the instruments is provided by the three aluminum (“access™) tubes
installed one above the other in a replacement plate fit to the aircraft window (dummy
window). The purpose of these tubes is to provide access to ambient air. However, they are
not part of the sampling train (see below), and sampling air does not come in contact with the
aluminum. The tubes are 4.5 cm (1-3/4 in) in diameter, extend about 15 cm (6 in) beyond the
skin of the aircraft, and face forward into the airstream. The inlet to each access tube is near
the 1/3 cord point of the wing (i.e., the front of the wing). Exhaust from the aircraft engines
exit the engine nacelles under the wing near the trailing edge, well away from the sample
inlets.

Figure 3-2 is a schematic drawing of the sample air access systems used for ozone,
VOC, and carbonyl sampling. The drawing shows that the top two access tubes were used for
cooling and ventilation of sampling equipment inside the aircraft. Sample air for ozone,
carbonyl, and VOC sampling was obtained using Teflon tubes strung through the bottom
access tube.



Table 3-1. Sampling instrumentation operated aboard the STI aircraft.
Approximate
Sampler Lower
Manufacturer Normal Measurement  Time Response Quantifiable
Parameter and Model Analysis Technique Ranges (Full Scale) (to 90 Percent) Limit
NO/NO, Thermo Chemiluminescence 50,100,200, ppb < 20 sec. 0.1 ppb
Environmental
Model 428
NO,/NO,? Thermo Chemiluminescence 50,100,200, ppb < 20 sec. 0.1 ppb
Environmental
Model 428
0O, Monitor Labs Chemiluminescence 200, 500 ppb 12 sec. 2 ppb
8410E
Dew Point Cambridge Cooled Mirror -50 to 50°C 0.5 sec./"C 0.5°C
Systems 137-C
Altitude II-Morrow Altitude Encoder 0 - 5000 m msl 1 sec. Im
Altitude Validyne P24 Pressure/Transducer 0 - 5000 m msl < 1 sec. S5m
(backup)
Temperature YSIU/MRI Bead Thermister/ -30 to 50°C 5 sec. 0.3°C
Vortex Housing
Temperature Rosemont Platinum -50 to +50°C 1 sec. 0.5C
(backup) 102 AV/AF Resistance
Turbulence® MRI 1120 Pressure 0-10cm*s! 3 sec.(60%) 0.1 cm* 5!
Fluctuations
Broad Band" Epply Pyranometer 0-1026 W m? 1 sec. 2Wm?
Radiation Cosine Response
Ultraviolet Epply Barrier-Layer 295 - 385 nm 1 sec. 0.1 Wm?
Radiation Photocell 0-34.5Wm?
Cosine Response
Position Garmin 250 GPS Lat.-Long. < 1 sec. 50m
Data Logger STI 486 Zip Drive & Hard +9.99 VDC Records data .005 VDC
(includes time) System Disk Recording Disks & Hard Disk 1s!

Printer Seiko DPU-411-040 Prints out data every 10 secs and at
every event or data flag change.
VOC/Carbonyl Grab samples collected
using CE-CERT supplied media and systems
Aztec AC Power Avionic Static Inverter 2000W 110V 60 Hz - -
(2 units) Instruments, Inc.

Model #2A-1000-1A

This instrument provided a duplicate NO measurement (labeled as NO,) and measured NO, with nitric acid and aerosol nitrate removed
by a nylon inlet filter (called NO,).

b These instruments were installed on the aircraft and operated, but they were not required by the contract and they were not rigorously
calibrated. Data from these sensors have been edited but STI does not warrant the accuracy of the reported data.

3-3



Teflon sample inlet
lines through the
access tube
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NO/NO, Inlet Dew Point Inlet
Temperature Sensor Exhaust
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Figure 3-1. Sensor location and sample air inlet systems on the Aztec.



Dummy Window Plate

Instrument Cooling 0
and Ventilation :

inside

Instrument Cooling
and Ventilation ()

Excess Air

% =—> Ozone Analyzer
Carbonyl 2 Not Used
Bag 5 Not Used
Fill
l System
voC Excess
Fill Air

System

Figure 3-2. A schematic drawing of the sample delivery systems used for ozone,
VOC, and carbonyl sampling (as viewed from the front looking back
along the right side of the aircraft).
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Two 9.5 mm (3/8 in) outer diameter (0.d.) and one 6.5 mm (1/4 in) o.d. Teflon sample
inlet lines were inserted through the bottom access tube in the dummy window. These sample
lines were used to deliver sample air used by the ozone analyzer, the VOC sampling system,
and the carbonyl (bag) sampling system. The outside ends of the Teflon lines extended slightly
beyond the forward edge of the access tube (Figure 3-1) and were thus exposed directly to
ambient air. During flight, airflow through the Teflon lines and access tubes was provided by
ram air pressure.

To address concerns about losses of oxides of nitrogen species in long sampling lines,
and thus reduced sensitivity of the sampler to NO, species, a special sample inlet system was
designed, built, and installed on the Aztec. The outside portion (NO/NO; inlet) can be seen in
Figure 3-1. An engineering design drawing of the NO, inlet system is shown in Figure 3-3
with a schematic drawing of the NO/NO, (Inlet #1) and NO,/NO,, (Inlet #2) systems shown in
Figure 3-4.

The objective of the NO, inlet design is to prevent absorption of highly reactive species
by the wall of the sampling inlet tube by reducing the length of the sampling line from the
sample inlet to the NO, converter. This was accomplished by utilizing a modified NO/N 0O,
analyzer (TECO 428 after modification) with a removable NO, converter. The converter was
mounted on the inside of the window plate to bring it as near as possible to the sample inlet.
Sample air was provided to the converter by means of a Teflon-coated stainless steel inlet tube,
a short stainless steel Teflon-coated manifold, and a short stainless steel sample tube to the
converter itself.

Calculations for wall adsorption of NO, species were not performed, as no theoretical
or empirical equations for wall adhesion in turbulent flow were readily available. Regardless,
residence times from the free air-stream inlet to the converter were computed based on
dimensions and flow velocities. The residence time of the sample in the 8.77 mm (0.344 in)
inner diameter (i.d.) inlet tube from the outside of the aircraft to the start of the converter inlet
tube (points 1 to 2 in Figure 3-3) was computed to be approximately 15 msec. The residence
time of the sample from the inlet of the converter tube to the actual converter (points 2 to 4 in
Figure 3-3) was computed to be 180 msec. This rate was determined by the fixed sample flow
rate through the converter of 1 liter per minute (Ipm). Thus, the total residence time of the
sample in the inlet system was approximately 200 msec. In addition to this short residence
time, the portion of the inlet from point 2 to point 4 was stainless steel heated by excess heat
generated in the converter core and conducted throughout the length of the inlet tube.
Temperatures along the converter inlet tube inside the aircraft were approximately 45-60°C.
The converter itself was operated at 350°C. Note the placement of the Teflon particle filter
for the NO, sample down-stream of the converter.
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Figure 3-4. A schematic drawing of the inlet systems for the NO, and NO,,
instruments. Note the different placement of the filter with respect
to the converter for the NO, and NO,, instruments.



As previously mentioned, two NO/NO, monitors were operated aboard the aircraft.
The instruments were identical TECO 42S models operated in a similar manner. The second
monitor provided a duplicate NO measurement (labeled as NO,) and measured NO, with nitric
acid and aerosol nitrate removed by a nylon inlet filter (labeled as NO,). The placement of the
nylon filter was up-stream of the converter, as shown in Figure 3-4. Thus, nitric acid and
aerosol nitrate were removed from the sample air before it reached the converter. During data
processing, the difference between NO, and NO,, was calculated giving a measure of the nitric
acid and aerosol nitrate in the air that was being sampled. This difference was labeled HNO,
on data plots.

The inlet tubes for the NO, and NO,, systems were removable. After each day’s flight,
the tubes were removed and cleaned before further sampling was performed.

3.3.2 Sample Delivery Systems

Real-time continuous sensors

One of the 9.5-mm inlet lines (discussed in Section 3.3.1) was used to provide sample
air to a glass manifold from which the ozone monitor sampled. The manifold consisted of a
9.5-mm inlet into a glass expansion chamber (Figure 3-2) measuring 23 cm (9 in) in length by
2.5 cm (1 in) in diameter. Three 6.5-mm static sample ports were attached to the side of the
expansion chamber. Volume expansion inside the chamber slowed the incoming sample
airflow. A Teflon sampling line from the ozone monitor was connected to the first port
(nearest the manifold inlet). The other two ports were not used. Excess air from the glass
manifold was vented into the cabin of the aircraft. The ozone monitor was operated using a
Teflon particle inlet filter.

Four Teflon sample lines (two for the NO/NO, instrument and two for the NO,/NO,,
instrument) delivered sample air from the inlet systems directly to the analyzers. The sample
lines were cut to the same length in an attempt to match (time-wise) recorded concentration
values.

All connections used Teflon fittings. Thus, for the gas analyzers, an incoming air
sample was only in contact with Teflon, stainless steel, or glass from the atmosphere to the
inlet of a sampling instrument.

YOC grab sampling

The VOC sampling system shown schematically in Figure 3-2 and Figure 3-5 was
provided by CE-CERT and consisted of:

A 2.4-m (8 ft) length of 6.5-mm-diameter Teflon sample inlet tube,

Two KNF Neuberger pumps (DC voltage) operated in parallel,

A Veriflo flow regulator with a preset 25 psi back pressure,

A 1.8-m (6 ft) length of 6.5-mm Teflon sample delivery tubing,

A two-way toggle valve and pressure gauge assembly (called a "purge tee"), and
3.0 liter stainless steel canisters.
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Figure 3-5. A schematic drawing of the VOC sampling system.
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The canisters were Stabilizer 3.0 liter canisters manufactured by Meriter using 316L
low-carbon grade stainless steel. The canister valve assembly was a Bellows Seal Valve with a
Testel’ Seat. Each canister was evacuated, baked, sealed, and labeled before being delivered
to the aircraft operations base in Camarillo. After sampling, the VOC canisters were returned
to CE-CERT for analysis.

Teflon tubing was cleaned and preconditioned prior to installation in the aircraft.
Internal pump components that came in contact with sample air were all Teflon coated.
Components of the purge tee that came in contact with sample air were stainless steel.
Connections between canisters and the sample line were made using ParkA-lok 1/4 in Swage
type stainless steel fittings.

As described in Section 3.3.1 and shown in Figure 3-2, the 6.5-mm o.d.Teflon sample
inlet tube was inserted through the bottom access tube in the sampling window. The other end
was connected to the VOC pumps. The pumps supplied air through the flow regulator and
sample delivery tubing to the purge tee. The position of the toggle valve on the purge tee
allowed sample air to either be exhausted into the aircraft cabin or directed into the sample
canister.

The flow regulator was adjusted to fully pressurize a canister in about two minutes.
Since bag and VOC samples were collected together, this fill rate was selected to match the fill
time for bag samples (discussed below).

During flight, the pumps were run continuously to purge the sampling system.
Whenever the aircraft was on the ground, the VOC system was sealed on both ends to avoid
contamination.

Carbonyl grab sampling

The system for collection of grab bag samples is shown schematically in Figure 3-2 and
Figure 3-6. The system was provided by CE-CERT and consisted of a 1.2-m (4-ft) length of
9.5-mm o.d. Teflon tubing that was inserted through the bottom access tube on the sampling
window. The inlet tubing terminated in a two-piece reduction assembly consisting of
9.5-mm o.d. tubing and 6.4-mm o.d. tubing telescoped together.

The sample bags (40-liter volume) were constructed of 2-mil Tedlar material. The inlet
on each bag was a "Push to Open - Pull to Close" type stainless steel valve. The bag valve
was connected to the sample line by a snug friction fit between the valve and the tubing. The
bag was filled using ram air pressure. When not sampling, air flow through the inlet tubing
provided a continual purge of the system.

After an air sample was collected aboard the aircraft and the sample bag had been
disconnected from the sampling system, the sample bag was placed inside a larger dark opaque
plastic (“trash”) bag. These bags were used to inhibit photochemical reactions in the sample
bags until the contents could be further stabilized during ground operations performed by
CE-CERT.
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Figure 3-6. A schematic drawing of the carbonyl bag sampling system.
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Within 15 minutes after landing, bag samples that had been collected during the just
completed flight were transferred from the aircraft to CE-CERT personnel. For flights ending
at the Riverside airport, the CE-CERT representative transported these samples directly to the
nearby CE-CERT laboratory for further processing. At Camarillo, CE-CERT transferred the
contents of each bag through a dinitrophenylhydrazine (DNPH)-impregnated cartridge (one
cartridge per bag). Typically, these sample transfers were completed within about an hour of
receiving the bag samples. The DNPH cartridges were stored in a cooler except during sample
transfer. After sample transfers were completed, the CE-CERT representative returned the
DNPN cartridges to CE-CERT.

Sample bags were reused after ground-based transfer operations had been completed.
Conditioning of bags prior to use (or reuse) was performed by CE-CERT personnel.

3.4 SENSOR MOUNTING LOCATIONS

The sensors aboard the aircraft can be divided into two groups: external- and internal-
mounted sensors.

3.4.1 External-mounted Sensors

The primary temperature probe used aboard the Aztec is mounted on the outside of the
sampling window plate. The vortex housing assembly that contains the bead thermistor sensor
is shown in Figure 3-1. Holes drilled through the sampling window provide electrical access
to the sensor. A secondary (back-up) temperature probe is mounted under the right wing of
the aircraft.

Dew point, turbulence, ultraviolet radiation, and total radiation were also measured.
The inlet system for the dew point sensor is mounted on the outside of the sampling window
(Figure 3-1), and the sensor head itself is mounted on the inside of the window. The
turbulence sensor is mounted under the left wing.

Ultraviolet and total radiation sensors are mounted on the top of the aircraft cabin.
Because of their placement, data from these two sensors are subjected to antenna wire
shadows, varying aircraft attitudes, and radio transmission interference. Though not part of
the required data set, these sensors were operated but they were not rigorously calibrated.
Their data were edited but STI does not warrant the accuracy of the reported data.

3.4.2 Internal-mounted Sensors

The continuous real-time air quality sensors, data acquisition system (DAS), printer,
and associated support equipment were mounted in instrument racks installed on the left side of
the aircraft cabin, behind the pilot.
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Primary altitude data were obtained from an encoding altimeter mounted under the
aircraft's instrument panel. A secondary (back-up) measurement of altitude was provided by a
Validyne pressure transducer mounted in the rear left of the aircraft cabin. Both were
connected to outside static air points.

Position data were obtained from a Garmin Model 250 GPS receiver mounted in the
aircraft’s instrument panel. The digital output from this unit was fed into the on-board data
acquisition system.

3.5 INSTRUMENT EXHAUST SYSTEM

Although the exhaust system of typical air quality instruments contain some provisions
for scrubbing exhaust gases, airborne safety and the integrity of the sampling being performed
requires additional safeguards. For example, the ozone monitor used aboard the aircraft
required a steady supply of ethylene (C,H,). It is possible that some excess ethylene could
remain in the instrument’s exhaust, which could interfere with VOC measurements if the
exhaust is not properly vented. To avoid potential problems, the exhaust streams from all
analyzers are combined using an exhaust manifold that vents outside the aircraft. The exhaust
tube (external portion of the system) can be see in Figure 3-1. Instrument exhaust gases are
pumped out of the cabin and exhaust well aft of sensor inlet systems. In-flight airflow past the
exhaust tube, also carries these gases away from the inlet systems.

3.6 SUMMARY OF FLIGHTS, TIMES, AND ROUTES

The SCOS97 management team selected the sampling days and routes to be flown.
Typically the Aztec flew two flights on each selected day.

During the sampling program, the aircraft flew 29 flights: 24 regular sampling
missions along the northern boundary of the study area, one “special” flight to examine
transport to Ventura County and Santa Barbara, two over-ocean flights when the primary
SCOS97-NARSTO aircraft for this route was not available, and separate inter-comparison
flights with both the UCD and U.S. Navy sampling aircraft.

Table 3-2 summarizes the date, sampling period, flight route, and number of VOC and
carbonyl samples collected during each SCOS97 flight. Each flight was assigned an
identifying number (or name for the inter-comparison flights) that is also shown in the table.
Details of each flight are presented in the three-volume data report that was delivered to the
ARB. Please note that all sampling was performed using a Pacific Standard Time (PST)
basis and all STI data are reported using that standard.
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Table 3-2. Summary of STI sampling flights during SCOS97.

Number of
Date/Sampling Period VOC/Carbonyl
Flight Number (PST) Flight Route Samples Collected
1 7/14/97 11:30-14:58 Western Boundary 5/5
2 8/04/97 04:37-08:17 Northern Boundary 5/5
3 8/04/97 14:04-16:11 Basin 1/1
4 8/05/97 04:32-07:12 Basin 373
5 8/05/97 13:09-16:55 Northern Boundary 3/3
6 8/06/97 04:38-07:36 Basin 2/2
7 8/06/97 12:58-16:48 Northern Boundary 3/3
8 8/07/97 08:21-10:46 Special 3/3
9 8/22/97 04:46-08:16 Northern Boundary 5/5
10 8/22/97 14:07-16:10 Basin 1/1
11 8/23/97 04:30-07:14 Basin 3/3
12 8/23/97 13:08-16:53 Northern Boundary 3/3
13 9/03/97 11:08-14:59 Western Boundary 6/6
14 9/04/97 04:58-08:44 Northern Boundary 5/5
15 9/04/97 14:08-16:30 Basin 1/1
16 9/05/97 04:59-08:53 Northern Boundary 3/5
17 9/05/97 13:58-16:19 Basin 0/1
18 9/06/97 04:45-07:14 Basin 2/2
19 9/06/97 12:57-16:52 Northern Boundary 11
20 9/28/97 08:50-10:35 Basin 2/2
21 9/28/97 13:07-15:43 Basin 3/3
22 9/29/97 04:44-07:28 Basin 3/3
23 9/29/97 12:57-15:35 Basin 3/3
24 10/03/97 04:43-08:30 | Northern Boundary 5/5
25 10/03/97 13:57-16:09 Basin 1/1
26 10/04/97 04:34-07:28 Basin 3/3
27 10/04/97 14.01-16:15 Basin 3/3
ucCDh 7/08/97 13:02-13:51 Inter-comparison 0/0
Navy 9/30/97 12:55-13:49 Inter-comparison 0/0
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For the first day of a typical IOP, the aircraft would sample from Camarillo to
Riverside during the morning flight using a Northern Boundary route that characterized
conditions in the Mojave Desert. The afternoon flight would return to Camarillo using a Basin
route that characterized conditions in the northern portion of the Basin. For the second and
following days of an IOP, the aircraft would sample to Riverside using a Basin route during
the morning flight and return to Camarillo using a Northern Boundary route in the afternoon.
Sampling along each route consisted of a series of spirals, the aircraft climbing and/or
descending (dolphin) between spiral locations, and constant level traverses flown along selected
portions of the flight route. Data were collected continuously throughout each flight.

During the first day of an IOP, the intent was for the aircraft to characterize the
boundary conditions in the northern and eastern regions of the study domain, including the
Mojave Desert. Figure 3-7 shows the Northern Boundary flight route used by the aircraft for
the morning flight. Along the route, spirals were flown at the Camarillo airport (CMA), the
Van Nuys airport (VNY), the Agua Dulce airport (L70), the Rosamond airport (L00), the
Hesperia Radar Profiler Site (HES), the Yucca Valley airport (L22), the Banning 